Wadi Bana is one of the main Wadies in Yemen, where different quantities of water reach the Delta and depends on the amounts of rainfall in the wadi watershed. In order to estimate the spate water flow distribution probability, data on water flow were collected during the period from 1948 to 2008. Seven probability distributions, namely, Gamma, Weibull, Pearson 6, Rayleigh, Beta, Kumaraswamy and Exponential distributions were tested to model the distribution of the Wadi Bana flows and Kolmogorov-Smirnov, Anderson-Darling and Chi-Squared goodness-of-fit tests were used to evaluate the best fit at 5 % level of significance. It suggests that the best frequency distribution obtained for the Wadi Bana flows in the Abyan Delta of Yemen is Gamma followed by weibull distribution for both summer and autumn seasons. The annual maximum runoff was 286. 
Introduction
The Abyan delta plain is located in an arid to sub-tropical area, approximately between latitudes 13 o 04' to 13 o 18' N, and longitudes 45 o 08' to 45 o 30' E. It lies at the Gulf of Aden, about 55 km east of Aden. Wadi Bana is one of the main Wadies in Yemen, where different quantities of water reach the Delta and depending on the amount of rainfall in the wadi watershed. Catchment area of wadi Bana upstream is about 7,200 sq km.
The flow of Wadi Bana is distinguished by flood fluctuation (flash floods). Under normal condition, the average annual flow is 162 million m 3 , or 6 % of the total of catchment rainfall, the annual frequency of flood is fairly high and reaches 19 floods per year (Atkins W.S. And Partner, 1984) . Average annual peak flood is 980 m 3 s-1, and baseflow is estimated 400 million m 3 (Negenman, 1995) . 90 % of the flood is utilized for irrigation, of which 66 % is applied during autumn irrigation season (1 July to 15 October) and the remaining during the summer season (16 March to 31May). The fluctuation in flood flow is a major hydraulic criteria for assessment of flood risk , water resources management and hydraulic structure design such as dams, reservoirs, irrigation canals, weirs and irrigation ditches, and prevention of damages due to flood require an adequate knowledge of extreme events of high return periods (Tao, et al, 2002) . It is necessary to determine the recurrence or timing for flood flow, and quantitative flow of flood and intervals, which can be achieved by flood frequency analysis methods and involves the measurement of distribution pattern and extrapolation of cumulative distribution functions to calculate the extreme flood values.
Literature Review
Reference to Benson (1968), and Vogel et al. (1993) used several distributions for describing flood flows in the USA. The Natural Environment Research Council undertook a flood study for UK conditions (NERC, 1975) . McMahon and Srikanthan (1981) evaluated flood distributions for Australian conditions. Rossi et al. (1984) and Ahmed et al. (1988) studied flood distributions for Italy and Scotland, respectively. The flood distributions for Turkey were investigated by Haktanır (1991 Haktanır ( , 1992 and Haktanır and Horlacher (1993) , while Mutua (1994) compared several frequency distributions for floods in Kenya. Vogel and Wilson (1996) summarize investigations around the world and show that a consensus is emerging that the distribution of annual maximum floods is perhaps best approximated by a generalized extreme value (GEV) PDF. They also document that the GEV PDF provides a good fit to annual flood series at 1,490 sites across the continental United States.
Abida H. and Ellouze M. (2008) applied L (Linear) moments to calculate regional flood frequency distributions for different zones in entire Tunisia, trough data collection from 42 stations for a period of 27 years. five frequency distributions are used for analysis of hydrologic extreme variables, they are: (i) Generalized Extreme Value (GEV), (ii) Pearson Type III (P3), (iii) Generalized Logistic (GLO), (iv) Generalized Normal (GN), and (v) Generalized Pareto (GPA). Spatial trends, with respect to the best-fit flood frequency distribution, are distinguished: Northern Tunisia was shown to be represented by the GNO distribution while the GNO and GEV distributions give the best fit in central/southern Tunisia. Topaloglu F. (2002) , applied the Gumbel, log-Logistic, Pearson-3, log-Pearson-3 and log-Normal-3 distributions to the series of annual instantaneous flood peaks and annual peak daily precipitation for 13 flow gauging and 55 precipitation gauging stations in the Seyhan basin, respectively. The parameters of the distributions were estimated by the methods of moments (MOM) and probability weighted moments (PWM). A detailed chi-squared and Kolmogorov-Smirnov (K-S) goodness-of-fit tests were also applied. According to the evaluations of chi-squared tests, Gumbel (MOM) for both flow and precipitation stations in the Seyhan river basin were found to be the best models. As a result of the K-S test, log-Normal-3 (MOM) and log-Pearson-3 (MOM) models were determined to be the best for flow and precipitation stations, respectively. Olukanni D. O. and Salami A.W. (2008) , evaluated several probability distribution analysis methods for the prediction of reservoir inflow at hydropower dams in Nigeria which includes Kainji, Shiroro and Jebba. The reservoir inflow data were subjected to probability distribution analysis including Gumbel, normal, log-Pearson type III, and log-normal. The selection of the appropriate probability distribution model for each hydropower dam was based on goodness of fit tests. The values of goodness of fit for each of the hydropower dams are r = 0.95, R 2 = 0.96 for Kanji, r = 1.00, R 2 = 0.99 for Shiroro, and r = 0.88, R 2 = 0.96 for Jebba. For the Kanji and Shiroro hydropower dams the log-Pearson type III model gave the best fit, while for Jebba the best fit model was log-normal. Aksoy, H. (2000 Aksoy, H. ( , 2007 , Karmakar, S. and Simonovic, S.P. (2009), Hughes, B. L. and Saunders, A. M. (2002) reported that gamma distribution is the best analysis tool for prediction of flood frequency.
Material and Methods
The Wadi Bana flow data for the period of 61 years from 1948 to 2008 were obtained from the Irrigation Department in the Delta Abyan, Agricultural Affice, Abyan Governorate. The nature of data involves flood flow volumes (million cubic meter) recorded for autumn and summer seasons of the year. Probability distribution analysis of Wadi Bana flow was detected in accordance with the following equations (Georgiev G. V. et al. (1991) :
Where:
M m -mean flow, ∑M i -total flow, n-number of years, C v -Coefficient of variation, K i -percent of the respective observed flow into the mean flow, C s -coefficient of asymmetry, P i -probability distribution, K p %-correction factor, θ-Foster factor from Foster-Ribkin table, M p %-Estimated flow corresponding to the ranked probability. Values of θ were calculated by using the Foster and Ribkin table at the deferent values of coefficient of asymmetry corresponding to the deferent probability.
For determination of the fitting probability distribution of Wadi Bana flows, the software EasyFit professional version 5.4 (http://www.mathwave.com) is used . EasyFit is a data analysis program and simulation application that enables fitting probability distributions to sample data, select the best model, and apply the analysis results to make better decisions.
Seven different probability distributions are considered, some of which are very widely used in hydrologic frequency analysis. These distributions include: Gamma, Weibull, Pearson 6, Rayleigh, Beta, Kumaraswamy and Exponential distributions. These distributions and their probability density functions are presented in Table 1 . Three goodness-of-fit tests were conducted, Kolmogorov-Smirnov, Anderson-Darling and Chi-Squared evaluate the best fit at 5 % level of significance. In this study, the software CumFreq (www.waterlog.info) is used for determination of return periods of maximum flow.
Results and Discussion
During the 61 year period between 1948 and 2008, the maximum annual runoff was recorded at 286.6 million m 3 in 1957 while the minimum runoff was registered at 30.4 million m 3 in 1974 (table 3) . Over the same period the average runoff value calculated at 83.152 Million cubic meters for autumn and 38.415 for summer. Meanwhile, the general statistical analysis of the flows data indicates that the skewness for autumn is 1.2827 and for summer is 1.8176. The coefficient of variation recorded at 0.4601 and 0.8316 for autumn and summer respectively ( Table  3 ).
The obtained results of probability flow were calculated accordingly to the year classification, very wet, wet, medium, dry and very dry Saloua, R et al, (2012) (Table 4 ). The flow in autumn season occupies about 70% of total annual flows.
The applied statistical results in this study is in agreement with the results obtained by application of Gamma Distribution, with average run-off recorded during study period. The average actual recorded data for autumn and summer are 83.15 and 38.42 million m 3 /year respectively (Table 3 ) and is identical with the value calculated by Gamma Distribution by using the software EasyFit professional version 5.4 (table 4),and similarly agree with statistical parameters coefficient of variation, Standard deviation (Tables 3 and 5) .
Comparison of maximum and minimum actual run-off recorded and applied in this study with those obtained from EasyFit program, we observed the quantities are close with the data found from Gamma Distribution, where the maximum ran-off quantity frequent every 33 years with probability of 3 %, where as the minimum run-off will occur every 33 years with probability 97 % ( Table 7) . Figures 1 and 2 show the theoretical curve of the probability flow and distribution of the observed flow during autumn and summer respectively, the correlation coefficient between them has been 0.98 and 0.98 respectively. Figures 3 and 4 show the cumulative distribution during the autumn and summer respectively, where it is noted a direct proportion between observations (x) and the cumulative distribution f(x).
Summary of statistical analysis for Wadi Bana flows during the period of (1948 -2008) Kolmogorov-Smirnov, Anderson-Darling and Chi-Squared goodness-of-fit tests indicate that all the models can be used to describe the distribution of spate flows of Wadi Bana in the Abyan Delta of Yemen. From the results of seven frequency distributions applied in this study, it suggests that the best frequency distribution obtained for the Wadi Bana spate flows in the Abyan Delta of Yemen is Gamma followed by weibull distributions for the both seasons autumn and summer (Table 6) Tables 7 and 8 Show the quantile estimates for return periods up to 100 and 500 years by using Easyfit and CumFreq software programs respectively for cumulative frequency analysis. Table 8 shows the quantitative and frequency of flood run-off in Wadi Bana during the seasons autumn and summer by utilizing CumFreq Program and selection of the best fitting of all distributions, where the frequency of flood run-off every 100 years is estimated approximately 266 and 113 million m 3 /year during autumn and summer respectively, compared to the quantity of run-off for the same period by utilizing EasyFit Program, it is observed that Pearson 6 Distribution is closer and recorded 262 million m 3 /year during autumn season only , but does not fit for the seasonal run-off during summer season (Table 7) , in comparison with other distributions, it is observed that the quantity of run-off frequency for every 100 years (Table 7) fluctuates than those shown in table 8. This is explained that prediction of run-off can be relied by application of studied distributions for 100 year frequency period or less, and also depend on the prediction of run-off when the frequency period exceeds 100 years and probably reaches 500 years or more by application of CumFreq Program and selection of the best fitting of all distributions.
The obtained results may be useful for engineering planning, designs and irrigation planning in future and maximum season flows of Wadi Bana events can be predicted.
Conclusions
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